Sequence determination of up to 24 aminoterminal residues of several putative precursors for dog pancreas secretory proteins, synthesized in vitro by translation of their mRNAs in the presence of radioactively labeled amino acids, revealed extensive sequence homology in the 16 amino-terminal residues. It is suggested that this common sequence constitutes a metabolically short-lived peptide extension which precedes the amino-terminal sequences of all pancreatic secretory proteins and that it functions in the transfer of these proteins across the microsomal membrane. This sequence was found to contain an unusually large percentage of hydrophobic residues. In the recently formulated signal hypothesis (1, 2) it was proposed that segregation of specific proteins, (e.g., secretory, lysosomal, and peroxisomal proteins) in intracellular membrane-bounded compartments is accomplished by a metabolically short-lived "signal" sequence in the nascent polypeptide chain. This unique sequence would result from the translation of a sequence of codons which is located immediately to the 3' end of the initiation codon and is common to all mRNAs coding for proteins that are to be segregated from the cytosol by transfer across a membrane. According to this scheme (2), the signal sequence of the nascent chain, emerging from a space within the ribosome, causes specific receptor proteins in the membrane to aggregate, thereby forming a proteinaceous tunnel in the membrane; consequent binding of the ribosome to the aggregated proteins would then provide the topological conditions for chain transfer. Subsequently the signal sequence is removed and is therefore no longer present in the parent molecule. Recent work from this laboratory has provided evidence for certain aspects of the signal hypothesis (2-4). In this paper we report the amino-acid sequences of up to 24 amino-terminal residues of several polypeptides resulting from in uitro translation of mRNAs isolated from dog pancreas rough microsomes. The sequence data are consistent with the predictions made in the signal hypothesis.
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METHODS
The following experimental procedures have been or will be described elsewhere: (a) the subcellular fractionation of dog pancreas (Scheele and Blobel, in preparation); (b) the isolation of mRNAs from dog pancreas rough microsomes by sodium dodecyl sulfate-phenol extraction and subsequent ohgo(dT) chromatography (Dobberstein, Scheele, and Blobel, in preparation); (c) the translation of the isolated mRNAs in a so-called "initiation" system (2) , consisting of native small ribosomal subunits from rabbit reticulocytes (as a source of small ribosomal subunits as well as initiation factors), large ribosomal subunits (derived from detached polysomes of dog Abbreviation: PTH, phenylthiohydantoin. pancreas rough microsomes by the puromycin-KCI procedure) and pH 5 enzymes from Krebs ascites cells; (d) the separation of the translation products by polyacrylamide gel electrophoresis in sodium dodecyl sulfate as well as their detection by radioautography of dried gels (2) ; (e) the elution of the electrophoretically separated translation products from gel regions by electrophoresis (Devillers-Thiery and Blobel, unpublished); (f) the precipitation of the eluted polypeptides by acetone-HCI (5), with myoglobin serving as a coprecipitant; (g) the identification of gel bands derived from pancreatic secretion with known enzymes and zymogens of the exocrine pancreas (Scheele, in preparation).
Sequence Determination. The radioactively labeled polypeptides eluted from the gels, as well as the carrier myoglobin, were dissolved in 20% acetic acid and applied to the Beckman 890 B sequencer. An improved DMAA program (no. 111374) was used for these analyses. The recovered thiazolinones were converted to phenylthiohydantoin (PTH) amino acids in HCI, and extracted with ethyl acetate. The acid layers were then neutralized and re-extracted to obtain any basic PTH amino acids. An aliquot of each extract was counted to determine if the amino acid at this step was one of the 18 radioactively labeled (see below). The yield of radioactivity declined linearly. The recovery of radioactivity in step 24 averaged approximately 80% of that after the first steps. The radioactive PTH amino acids were analyzed by two-dimensional thin-layer chromatography on polyamide sheets (6) and by one-dimensional chromatography on silica gel thin-layer plates (7) . In the former procedure, 16 unlabeled PTH amino acids were cochromatographed on the reverse side of the polyamide sheets. Exposure times of the chromatograms to Kodak RP Royal X-Omat film varied; polyamide sheets containing steps 1-12 were exposed 8-7 days, those containing steps [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] were exposed 4-9 ays. The one-dimensional chromatograms were exposed from 14-21 days.
Myoglobin, which was present as carrier, served as an internal standard for the radioactive sequences. It was possible to verify its sequence (8) identified (regions 2 and 5) or unidentified (region 3) precursors or a possibly single, but unidentified precursor (region 4). For sequence determination the polypeptides in each of the regions were eluted by electrophoresis, precipitated from the eluant, and subjected to 24 consecutive Edman degradations using the Beckman sequencer. The radioactive amino-acid derivatives were analyzed in two different chromatographic systems (see Methods), and detected by radioautography. Fig. 2 shows the radioautographs of the first 24 residues from the polypeptides in regions 1 (top) and 2 (bottom), after two-dimensional chromatography on polyamide sheets. Fig. 3 shows the radioautographs of the first 16 residues derived from polypeptides in regions 1-4, after one-dimensional chromatography on silica gel thin-layer plates. Radioautographs from polypeptides in region 5 are not shown.
Use of these two chromatographic systems allowed resolution of all PTH amino acids except Leu Fig. 1 ). Designations by arrow heads and asterisks are as shown in Fig. 2 Fig. 2 (upper panel) it is difficult to decide whether Leu in step 7 is due to carryover from step 5; however, since the intensity of the Leu spot in Fig. 3 , panel 1, is stronger in step 7 than in either step 6 or 8, it was assigned as Leu. Another criterion for assignment was based on the relative specific activities of the labeled amino acids (see Methods). For example in step 8 (Fig. 2, upper panel and Fig. 3, panel 1 ) Ala (low specific activity) was chosen although Leu (high specific activity) was present in similar radioactive amounts.
It is clear from the data shown in Fig. 2 Cell Biology: Devillers-Thiery et al.
found that there was an extensive sequence homology between the first 16 residues of pretrypsinogen and the other precursor molecules even though the latter were sequenced not as single polypeptides but as groups (see Fig. 1 ). If proteolytic removal of this sequence during the conversion to authentic secretory proteins were achieved by a single endoproteolytic event, this cleavage could occur in all cases either before or after Phe in residue 16. The striking homology of the amino terminal sequence of pancreatic precursoi proteins satisfies the most important criterion for the hypdbetical signal sequence, which in the signal hypothesis (1, 2) >as postulated to constitute an essential but metabolically short-lived amino-terminal extension of all proteins to be segregated in membrane-bounded compartments. The preponderance of hydrophobic residues in this sequence may represent an essential feature for its proposed function, namely to provide the topological conditions for its transfer across the membrane by establishing a functional ribosome membrane junction (2) . In this regard it should be noted that the partially determined amino terminal sequence of the IgG light chain precursor was reported (13) to contain six Leu residues in the twenty residues which comprise the signal sequence.
The fact that the precursor sequence starts with Ala rather than with Met indicates that Met may have been removed from the primary translation product. In fact, we cannot rule out that amino-acid residues next to an initial Met were also removed from the primary translation product during protein synthesis in vitro.
